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Here we present a case of a patient with JAK2V617F-and IDH2-mutation-positive myelofibrosis (MF) with elevated blasts on ruxolitinib therapy for 8 years with a complete hematologic, histomorphologic, cytogenetic, and molecular remission. MF is a rare Philadelphia chromosome-negative myeloproliferative neoplasm characterized by debilitating symptoms, extramedullary hematopoiesis, and bone marrow fibrosis resulting in pancytopenia. 1 Because of significant morbidity, too few patients are suitable candidates for allogeneic stem cell transplantation, the only potentially curative approach. 2 The JAK1/2 inhibitor ruxolitinib rapidly improves disease-related symptoms, organomegaly, and quality of life and provides a survival benefit in many patients with symptomatic MF, as demonstrated in clinical trials leading to its approval by the US Food and Drug Administration. [3] [4] [5] [6] [7] Recently, reports of improvements in bone marrow fibrosis and significant reductions in JAK2 allele burden have begun to emerge. [8] [9] [10] A 62-year-old woman presented to our institution in July 2007 with profound fatigue and weakness, a 9-kg weight loss over 6 months, and symptomatic massive splenomegaly. She had been diagnosed with polycythemia vera at age 44 (in 1989) and treated with hydroxycarbamide and occasional phlebotomies. Physical examination revealed splenomegaly and hepatomegaly at 20 cm and 5 cm below left and right costal margins, respectively. Her Eastern Cooperative Oncology Group status was 1. Blood counts showed leukocytosis of 30.6 3 10 9 /L with a prominent left shift (85% neutrophils, 35% lymphocytes, 3% monocytes, 7% metamyelocytes, and 2% blasts), hemoglobin of 14.2 g/L, and a platelet count of 558 3 10 9 /L with giant platelets. Peripheral blood smear revealed microcytosis (mean corpuscular volume 5 75 fL), significant anisocytosis, poikilocytosis, polychromasia, tear drop-shaped red blood cells, and ovalocytosis. Serum chemistry showed elevated serum lactate dehydrogenase (2487 IU/L), alkaline phosphatase (154 IU/L), and uric acid (8.3 mg/dL). A bone marrow biopsy revealed a hypercellular bone marrow with leftshifted granulopoiesis, markedly increased atypical megakaryocytes in clusters, and 10% blasts. A diffuse and dense increase in reticulin fibers with many intersections, without focal formation of collagen (MF-1) was present. Cytogenetic evaluation showed deletion of chromosome 20q (q11.2q13.3) in 5 of 20 metaphases; no BCR-ABL transcript was detected. The JAK2V617F allele burden, as assessed by the pyrosequencing method (analytical sensitivity of 5% to 10%) was 94.6%, which was later confirmed by next-generation sequencing (analytical sensitivity of 1%) at 97.5%. Next-generation sequencing also revealed an additional molecular abnormality, an IDH2 (R140Q) mutation, at an allele frequency of 31%. A diagnosis 
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LETTERS 11 and was assessed as high-risk disease per the International Prognostic Scoring System, with an expected survival of only 2 years. 12 The presence of the IDH2 mutation and 10% blasts in the bone marrow, which are both negative prognostic factors, 13 further complicated this patient's chance for a meaningful survival.
After signing informed consent, the patient was enrolled into a phase 1/2 clinical trial of ruxolitinib (www.clinicaltrial.gov, #NCT00509899) approved by the International Review Board at MD Anderson Cancer Center, 3 with an initial starting dose of 50 mg twice daily. By the end of the first week, she experienced a marked improvement in all constitutional symptoms, which completely resolved by the third week, and .50% reduction in palpable spleen ( Figure 1A) . By week 24, her spleen was no longer palpable by physical examination. On day 34 of therapy, the patient developed grade 3 thrombocytopenia (platelets 49 3 10 9 /L; Figure 1B ). The therapy was held for 12 days as per protocol requirements; however, she was able to resume on the same dose owing to complete platelet recovery. Her hemoglobin levels gradually declined to a minimum of 9.3 g/dL at 3 months and recovered to 12 g/dL by the 16th month. The anemia was not symptomatic, and no transfusions were received. The dose was first reduced to 25 mg twice daily after 15 months on therapy for grade 1 anxiety, ankle swelling, and .23-kg weight gain, and later it was reduced to a final dose of 15 mg twice daily because of persistent anxiety. At 100 months from enrollment, the patient remained on a dose of 15 mg twice daily without any toxicity.
Rapid clinical improvement was followed by a complete hematologic remission within first 12 months, characterized by resolution of leukocytosis by the first month, disappearance of peripheral blasts by the second month, and normalization of peripheral blood smear by the 12th month. The JAK2 allele burden decreased steadily with time and remained undetectable after 77 months on therapy along with the IDH2 mutation, which was also undetectable (complete molecular response) ( Figure 1C ). Deletion 20q was repeatedly detected along with trisomy 8, which was acquired at a later time point; however, after 72 months, only a normal diploid karyotype was present. Bone marrow improvement was slowly observed over time (Figure 2) . At the pretrial assessment (Figure 2A) , a 100% cellular bone marrow contained hyperplastic, clustered megakaryocytes with abnormal chromatin clumping and hyperchromatic nuclei, and diffuse, dense reticulin fibrosis with many intersections. After 24 months of therapy ( Figure 2B ), the bone marrow cellularity had returned to normal (40%) with some features of dyshemopoiesis and occasional atypical megakaryocytes. No blasts were detected, and the reticulin fibers were less prominent, though still present as patches of dense reticulin. After 88 months on therapy ( Figure 2C ), the bone marrow remained normocellular, with all cells showing normal morphology, restored trilineage hemopoiesis, and complete disappearance of the reticulin fiber patterns (MF-0), confirming a complete bone marrow remission. Hematopoiesis BLOOD, 11 AUGUST 2016 x VOLUME 128, NUMBER 6 LETTERS TO BLOOD 879
For personal use only. on August 15, 2017 . by guest www.bloodjournal.org From was polyclonal, as assessed by the human androgen receptor X-chromosome inactivation assay (supplemental Figure 1 ). 14 Phase 3 clinical trials and their long-term follow-up have shown that ruxolitinib elicits marked and durable clinical responses and extends survival in patients with MF, regardless of molecular or histomorphologic response. 6, 7 However, recent meta-analyses of these studies shows that significant reductions and even complete molecular response, as well as improvement in bone marrow fibrosis, are possible with prolonged treatment. 8, 9, 15 It has been suggested that such deep responses may have prognostic significance and could delay disease progression. IDH2 mutations are subclonal mutations found in ;4% of patients with MF that are correlated with an increased risk of leukemic transformation and shorter leukemiafree survival. 13, 16, 17 Our report suggests that, in selected patients, ruxolitinib may be capable of affecting not only JAK2V617F clones but also IDH2 mutant clones, as well as cells with cytogenetic abnormalities.
How long the complete response can be maintained or whether a complete response can be maintained if therapy is withdrawn are questions we should begin to address as more MF patients achieve complete remission with ruxolitinib.
The online version of this article contains a data supplement.
